The present study has been carried out to validate a UV spectrometric method for the assay of tolfenamic acid (TA) in organic solvents. TA is insoluble in water; therefore, a total of thirteen commonly used organic solvents have been selected in which the drug is soluble. Fresh stock solutions of TA in each solvent in a concentration of 1 × 10 −4 M (2.62 mg%) were prepared for the assay. The method has been validated according to the guideline of International Conference on Harmonization and parameters like linearity, range, accuracy, precision, sensitivity, and robustness have been studied. Although the method was found to be efficient for the determination of TA in all solvents on the basis of statistical data 1-octanol, followed by ethanol and methanol, was found to be comparatively better than the other studied solvents. No change in the stock solution stability of TA has been observed in each solvent for 24 hours stored either at room (25 ± 1 ∘ C) or at refrigerated temperature (2-8 ∘ C). A shift in the absorption maxima has been observed for TA in various solvents indicating drug-solvent interactions. The studied method is simple, rapid, economical, accurate, and precise for the assay of TA in different organic solvents.
Introduction
Tolfenamic acid (TA) is a nonsteroidal anti-inflammatory drug (NSAID) that belongs to the family of fenamates and is used in both humans and animals for the management of pain and inflammation [1] . Recently, it has gained tremendous popularity due to its anticancer activity against a variety of cancers [2] [3] [4] [5] [6] [7] . TA has also shown potential for use in slowing down the progression of Alzheimer's disease [8] [9] [10] [11] . A number of workers have employed various techniques to determine TA in different samples, for example, solutions, milk, serum, blood, and urine [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , or to characterize its physicochemical properties [23] [24] [25] [26] [27] [28] , but still the literature lacks information regarding its analysis in different solvents using a validated method.
TA occurs as a white or slightly yellow crystalline powder and is practically insoluble in water [29, 30] . The official pharmacopoeial assay method for TA involves direct titration against sodium hydroxide solution [29] . Previously, validated methods for the quantitative analysis of TA, both as a pure compound and in tablet dosage form, have been reported using FTIR and UV spectrometry [31] . Both methods showed good accuracy and precision for the assay of TA with the UV method showing comparatively better results. Both techniques were found to be statistically comparable with the official titrimetric method [31] .
The present study has been designed to validate the UV spectrometric assay procedure for the analysis of pure TA in different organic solvents according to the guidelines of International Conference on Harmonization (ICH) [32] . TA is a water insoluble drug and such study would provide useful data which would help in its determination with high accuracy and precision in various pharmaceutical systems incorporating organic solvents. T o l u e n e 9 9 . 5 % T e d i a 2 . 3 8 a [33] .
this study were of analytical grade having the highest degree of purity. The details of the solvents used in this study are reported in Table 1 .
Thin Layer Chromatography (TLC)
. TLC was performed to check the purity of TA used in this study according to the method reported in British Pharmacopoeia [29] . The substance (25 mg) was dissolved in a mixture of methanol and methylene chloride (1 : 3, v/v) and diluted to 10 mL with the same mixture and 10 L of the solution was applied to 250 m silica gel GF 254 plates. It was developed with the mobile phase up to 2/3 distance of the plate. The plate was dried and viewed under 254 nm UV lamp (Uvitec, Cambridge, UK).
Ultraviolet Spectrometry.
All absorbance measurements and spectral determinations were carried out on a Shimadzu UV-visible spectrophotometer (model UV-1601) using quartz cell of 10 mm path length. The cells were employed always in the same orientation using appropriate control solutions in the reference beam. The baseline correction was made by the built-in baseline memory at the initializing period while auto-zero adjustment was made by one-touch operation. The wavelength scale was also calibrated automatically by the instrument. The instrument was calibrated for the absorbance scale according to the method described in British Pharmacopoeia [29] , by using 0.057-0.063 g/lit of potassium dichromate in 0.005 M sulfuric acid. The absorbencies of the corresponding series of solutions in each solvent were measured against a reference of the same solvent in the region of 250-400 nm. Quartz cells were closed with a cap to prevent evaporation of the organic solvent during absorbance measurements.
Preparation of Stock and Test Solutions for Validation
Studies. The stock solutions of TA for validation studies were prepared in a concentration of 1.0 × 10 −4 M (2.62 mg%) in the individual solvent ( Table 1 ). The stock solutions were thoroughly stirred each time by the aid of a magnetic stirrer for 30 min. During stirring the solutions were kept in a tightly closed container to avoid evaporation of the organic solvent. The test solutions in each solvent were prepared from the stock by making appropriate dilutions in the concentration range of 1.0-8.0 × 10 −5 M. The stock solutions and the respective dilutions were found to be completely transparent in appearance. Each time fresh solutions were prepared. The solutions were protected from light and the absorbance was then measured immediately. All experiments were performed in triplicate.
Validation of the Analytical Method.
The UV method for the assay of TA was validated according to the guidelines of ICH [32] . Different parameters of validation for TA were studied which are described as follows. [34] . The molar absorptivity and A (1%, 1 cm) values were also determined from the calibration curve.
Accuracy.
The accuracy of the proposed method was determined by adding known concentrations of the drug in the solutions followed by their analysis by the UV spectrometric method. Three different concentrations in triplicate from the studied range were selected and analyzed for the recovery.
Precision.
The precision of the developed method was calculated by performing nine determinations at three concentrations covering the specified range. The precision Journal of Pharmaceutics 3 was determined by calculating relative standard deviation (%RSD) of the mean recoveries.
Limit of Detection (LOD) and Limit of Quantitation (LOQ)
. LOD and LOQ of the developed method were calculated from the standard deviation of the -intercept and slope of the calibration curve using the following formulae:
where is the standard deviation of the intercept and is the slope of the calibration curve.
2.5.5.
Robustness. The robustness of the method was determined by studying small changes in the assay wavelength (±2 nm). This parameter was studied thrice in the similar range used for the determination of TA (i.e., 1.0-8.0 × 10 −5 M). The accuracy and precision of the method were determined.
Solution Stability.
The stability of stock solutions of TA was studied at room (25 ± 1 ∘ C) and refrigerated temperature (2-8 ∘ C). The stock solutions of TA were prepared in pure solvents at a concentration of 1 × 10 −4 M (2.62 mg%). The samples were stored in tightly sealed glass containers protected from light. A 5 mL aliquot of the sample was taken each time and the absorbencies were measured at 0-, 1-, 2-, 3-, and 24-hour time interval.
Results and Discussion

Confirmation of Purity of Tolfenamic Acid.
In order to study spectrometric characteristics of a compound, it is necessary to confirm the purity of the material to avoid any effect on the position and intensity of the absorption maxima as well as on the validation of the assay method. In the case of TA a thin layer chromatography (TLC) examination was conducted to detect any spots other than that of TA on TLC plates. The TLC test for TA has been carried out according to the method described in British Pharmacopoeia [29] . TA appeared as a single spot confirming the purity of the material.
Nature of Solvents and Spectral Characteristics of Tolfenamic Acid.
The use of solvents in UV-visible spectrometric measurements depends on the nature of the compound to be characterized or analyzed. The solvent must be transparent in the region in which the compound exhibits absorption spectrum. The compound should have enough solubility to obtain a reasonably clear absorption spectrum. It is also important to consider any possible interaction of the solvent with the absorbing molecule to impart a shift in the absorption maxima. It has been reported that polar solvents such as water, alcohols, esters, and ketones (containing lone pair of electrons) tend to obscure vibrational spectra. The nonpolar solvents such as cyclohexane, chloroform, and benzene give spectra somewhat similar to that of a gas (better band resolution) [35] . The maximum absorption wavelength of the absorption band depends on the degree of solutesolvent interaction and the nature of solvent [36] [37] [38] [39] . The solvent dependent spectral shifts arise from either nonspecific (dielectric enrichment) or specific (e.g., hydrogen bonding) solute-solvent interactions. Considering the interactions between the solute and solvent molecule and the intensity of these interactions, a change in the absorption spectrum of the molecule (e.g., max and max ) can be expected. Such a change has been described as solvatochromism [40] . The organic solvents have a different polar character as indicated by the dielectric constant of the medium. It has been observed that an electronic transition of a compound may lead to a modification of the charge distribution by the solvent used. This would result in some change in the position and intensity of the absorption maxima depending on the nature of the solvent. The extent of solute-solvent interaction would give an indication of the type of electronic transition undergone by the molecule [41] .
The lower wavelength limit of common solvents in the UV and visible spectra strongly depends on the purity of the solvent (Table 1) . For example, ethanol and the hydrocarbon solvents are frequently contaminated with benzene which absorbs below 280 nm [35] . Therefore, the highest/spectroscopic grade solvents should always be used for the measurement of the absorption spectra of organic compounds; otherwise the true spectral characteristics of a compound may not be obtained due to the presence of interfering impurities.
The spectral characteristics of TA including the value of absorption maxima, respective molar absorptivities ( ), and specific absorbance [ (1%, 1 cm)] in various organic solvents are reported in Table 2 . A consideration of the values of absorption maxima of TA in various organic solvents shows that their 1max range from 286 to 294 nm and 2max from 332 to 354 nm ( Figure 1 , Table 2 ) with regression values ( 2 ) of 0.99905-0.99988 showing very small scatter of the points around the calibration curves (Table 3) .
Similarly, a variation in the values of max in these solvents is also observed ( Table 2) . This is probably due to the degree of interaction between the solute and the solvent to cause a shift in the absorption maxima with accompanying change in the intensity of absorption as indicated by the values of max . the region of 280-360 nm (Figure 1) . The short wavelength peak in the region below 300 nm is more prominent with a greater intensity than the one present above 300 nm. Therefore, calibration curves of TA in each solvent have been prepared with respect to the short wavelength peak in the majority of solvents (Table 2) . On the contrary, in the solvent that showed some interference or has a cutoff point near or above the prominent peak of TA such as acetone (330 nm), benzyl alcohol (282 nm), and toluene (286 nm), it has been assayed and validated with respect to the long wavelength peak (Figure 1) . Although the calibration curves in benzyl alcohol and toluene have been prepared with respect to the short wavelength peak due to their interfering cutoff points they have further been validated for TA assay using the long wavelength peak. A linear relationship has been found for TA in each solvent and the statistical data are reported in Table 3 .
The intercept values are significantly close to zero in each case thus confirming the peak purity of TA. The overlay spectra of TA in acetonitrile are shown in Figure 2 .
Range.
It is defined as the interval between the upper and lower concentrations of the analyte that have been demonstrated to be determined with acceptable precision, accuracy, and linearity. The absorbance values in the range of 0.2-0.8 are known to offer the highest precision [34] . Therefore, similar pattern has also been followed in this study in determining the range of TA in each solvent. The ranges for the assay of TA in each solvent are reported in Table 3 which corresponds well to the points in calibration curves.
Accuracy.
The accuracy of an analytical method is defined as the degree to which the determined value of Journal of Pharmaceutics an analyte in a sample corresponds to the true value. The results for the percent recovery of TA in different organic solvents are reported in Table 3 . Although the results show good accuracy for TA in each solvent comparatively the mean recovery in 1-octanol followed by ethanol and methanol is better than that of the others due to minimum standard deviations. The standard deviations are small in all cases indicating that the method can be used with high accuracy for the determination of TA in the studied organic solvents.
Precision.
Precision of an analytical method is the closeness of agreement between a series of measurements obtained from multiple samples of the studied drug under prescribed conditions. The results for the precision of the method for the assay of TA in various solvents are reported in Table 3 . These indicate that the %RSD in the majority of cases is less than 2% and is minimum in the case of 1-octanol with nearly the same values in ethanol and methanol. Thus the studied method is highly reliable for the assay of TA in different solvents.
LOD.
It is the lowest concentration of an analyte in a sample that can be detected but not necessarily quantified.
It is considered as limit test that indicates that the analyte is above or below a certain value which is usually expressed as percentage of the analyte in the sample. The LOD of TA in each solvent is reported in Table 3 . The minimum detection limit of 1.97 × 10 −6 M (0.05 mg%) has been found in 1-octanol while the highest of 6.47 × 10 −6 M (0.17 mg%) has been found in 1-butanol. This indicates that the UV spectrometric technique is highly sensitive for the detection of TA in various organic solvents.
LOQ.
The LOQ determines the lowest concentration of an analyte in a sample that can be quantified with acceptable precision and accuracy under the documented operational conditions of the drug being assayed. The minimum quantification limit of 5.98 × 10 −6 M (0.16 mg%) has been found in 1-octanol while the highest of 1.96 × 10 −5 M (0.51 mg%) has been found in 1-butanol. The values of LOQ of TA in each solvent are reported in Table 3 . All solvents have been found to correspond well with the quantification of TA by UV spectrometric technique indicating that the method is accurate and precise for its assay.
3.3.7.
Robustness. The robustness of an analytical method is a measure of its capacity to obtain acceptable results when perturbed by small but deliberate variations. It is basically an indicator of method suitability and reliability during normal use. Absorbance of a solution is dependent upon wavelength, solvent, pH, and temperature. Therefore, these parameters should remain constant throughout the course of the analysis; otherwise significant errors may arise in the quantitative analysis of the samples [34] . In the present study, the reliability of the method has been tested by determining the absorption maxima in each solvent and by changing the assay wavelengths at room temperature (25±1 ∘ C). The results showed that small changes in the wavelength of absorption Table 2. maxima do not affect the accuracy and precision of the assay of TA (Table 4 ). This indicates that the method is robust under the studied conditions in the majority of the solvents. The highest robustness has been found in acetonitrile whereas the lowest has been found in chloroform followed by acetone (Table 4) .
Solution Stability.
The solution stability is a measure of the extent to which the studied drug is stable in a solvent being used for the assay over a particular period of time under specified conditions. It is an essential requirement that the analyte should not undergo any chemical change and should remain stable in the particular solvent [34] . The study of TA was carried out at room temperature (25± 1 ∘ C) and refrigerated temperature (2-8 ∘ C). The consistency in absorbance indicated the stability of TA solutions. In all solvents no significant change has been observed in the absorbance of TA after 24 hours of storage either at room temperature or in a refrigerator. However, in spite of the stability of TA in the organic solvents for at least 24 hours, fresh solutions were used for the validation study.
Conclusion
The present study has employed thirteen commonly used solvents for the validation of a UV spectrometric method for the determination of TA. The results indicated that the method is accurate, precise, robust, economical, and rapid for the assay of TA with a stock solution stability of 24 hours in each solvent. TA exhibits two peaks in the UV region of 280-360 nm. The major short wavelength peak is in the region of 285-295 nm that showed good results for the assay of TA. Those solvents that have a cutoff point in this region or interfere with the major peak can also be used for the determination of TA with respect to the minor long wavelength peak in the region of 335-355 nm.
The results of this study highlight the effect of different solvents on the spectral characteristics of organic molecules of pharmaceutical importance. Some shifts in the absorption maxima of TA have been noted probably due to drugsolvent interaction while absorptivity constants of TA in each solvent have also been determined. These shifts can affect the wavelengths used for the assay of a compound and, therefore, it is necessary to use a particular solvent for assay purpose. It is also necessary to confirm the purity of the solvent used for assay and its interference in the spectral region of the compound to be studied. A detailed investigation of the effect of solvent parameters on the spectral characteristics of a compound is required to develop an understanding of the changes observed. Such study would help the pharmaceutical formulators and analysts to determine TA in pharmaceutical systems incorporating organic solvents.
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